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Abstract
We extend the recent proposal of hidden conformal symmetry to the four-dimensional
spacetimes with rotational parameter and NUT twist. We consider the wave equation
of a massless scalar field in background of Kerr-Bolt spacetimes and show in the “near
region”, the wave equation can be reproduced by the SL(2, R)L × SL(2, R)R Casimir
quadratic operators. Moreover, we compute the microscopic entropy of the dual CFT
by Cardy formula and find a perfect match to Bekenstein-Hawking entropy of Kerr-
Bolt spacetimes. The absorption cross section of a near region scalar field also matches
to microscopic absorption cross section of the dual CFT.
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1 Introduction
In the context of proposed Kerr/CFT correspondence [1], (see also [2] and [3]) the microscopic
entropy of four-dimensional extremal Kerr black hole is calculated by studying the dual chiral
conformal field theory associated with the diffeomorphisms of near horizon geometry of the
Kerr black hole. These diffeomorphisms preserve an appropriate boundary condition at
infinity.
The Kerr/CFT correspondence has been used in [4] and [5] to find the entropy of dual
CFTs to four and higher dimensional Kerr black holes in AdS spacetimes and gauged super-
gravity as well as five-dimensional BMPV black holes in [6]. Moreover the correspondence
has been used in string theory D1-D5-P and BMPV black holes in [7] and in the five di-
mensional Kerr black hole in Go¨del universe [8]. The continuous approach to the extremal
Kerr black hole is essential in the proposed correspondence. For example, in the case of
Reissner-Nordstrom black hole the approach to extremality is not continuous [9]. The rotat-
ing bubbles, Kerr-Newman black holes in (A)dS spacetimes and rotating NS5 branes have
been also considered in [10], [11] and [12]. The four-dimensional Kerr-Sen black hole and
Kerr-Bolt spacetimes have been considered in [13],[14]. In all these extreme black holes, the
dual chiral CFT contains a left-moving sector only. For the other works done on Kerr/CFT
correspondence see [15].
Subsequently, extending Kerr/CFT correspondence to the near-extremal Kerr black hole
was considered in [16] (see also [17]). This task is quite challenging since the right-moving
sector of dual CFT turns on and no consistent boundary conditions that allow for both left
and right-moving sectors, have been found yet. In this regard, an alternate approach to
overcome the problem was proceeded in [16], along the way which was originally followed in
[18] and led to AdS/CFT correspondence [19, 20, 21, 22, 23, 24]. In this approach, the near
extreme black hole absorption cross section is entirely reproduced by two-point correlation
function of a 2D non-chiral CFT. The main progresses are made essentially on the extremal
and near extremal limits in which the black hole near horizon geometries consist a certain AdS
structure and the central charges of dual CFT can be obtained by analyzing the asymptotic
symmetry following the method in [25] or by calculating the boundary stress tensor of the 2D
effective action [26]. Recently, Castro, Maloney and Strominger [27] have given evidence that
the physics of Kerr black holes might be captured by a hidden conformal field theory. The
authors have discussed that the existence of conformal invariance in a near horizon geometry
is not a necessary condition, instead the existence of a local conformal invariance (named as
hidden conformal symmetry) in the solution space of the wave equation for the propagating
field is sufficient to ensure a dual CFT description. The analysis has been extensively applied
to the wave equation of propagating scalar field in a variety of different backgrounds [28].
Motivated by these works on extremal and near-extremal Kerr/CFT correspondences; in
this paper, we consider the four-dimensional spacetimes with rotational parameter and NUT
twist and show they have a hidden conformal symmetry. The spacetimes with NUT twist
have been studied extensively in regard to their conserved charges, maximal mass conjecture
and D-bound in [29].
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More explicitly, in section 2, we consider the wave equation of a massless scalar field in the
background of Kerr-Bolt spacetimes and find simple angular equation for low frequency scalar
field in the “near region”. In section 3, we find in the near region, the radial part of wave
equation can be written in terms of SL(2, R)L×SL(2, R)R Casimir operators. Moreover, we
find the microscopic entropy of the dual CFT and compare it to the macroscopic Bekenstein-
Hawking entropy of the Kerr-Bolt spacetimes. In section 4, we compute the absorption cross
section of a near region scalar field and find perfect match to the microscopic cross section
in dual CFT. In general, our results in this paper provide further supporting evidence for
the hidden conformal symmetry of Kerr-Bolt spacetimes.
2 Scalar Field in Background of Kerr-Bolt Spacetimes
The Kerr-Bolt spacetime with NUT charge n and rotational parameter a, is given by the
line element
ds2 = −∆(r)
ρ2
[dt+ (2n cos(θ)− a sin2(θ))dφ]2 + sin
2(θ)
ρ2
[adt− (r2 + n2 + a2)dφ]2
+
ρ2
∆(r)
+ ρ2(dθ)2, (2.1)
where
ρ2 = r2 + (n+ a cos(θ))2, (2.2)
∆(r) = r2 − 2Mr + a2 − n2. (2.3)
The Kerr-Bolt spacetime (2.1) is exact solution to Einstein equations. The inner r− and
outer r+ horizons of spacetime (2.1) are the real roots of ∆(r) = 0. The angular velocity and
the Bekenstein-Hawking entropy are ΩH =
a
r2++n
2+a2
and SBH = pi(r
2
++n
2+a2), respectively.
We consider the massless scalar field Φ in background (2.1). The Klein-Gordon (KG)
equation for the massless scalar field Φ
Φ =
1√−g∂µ(g
µν∂ν)Φ = 0, (2.4)
can be separated by taking the expansion of scalar field as
Φ(t, r, θ, φ) = exp(−imφ + iωt)S(θ)R(r). (2.5)
Actually, the equation (2.4) reduces to
[∂r(∆(r)∂r) +
1
sin θ
∂θ(sin θ∂θ)− (C(θ)ω +m)
2
sin2 θ
+
(D(r)ω −ma)2
∆(r)
]S(θ)R(r) = 0, (2.6)
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where the functions C(θ) and D(r) are given by
C(θ) = 2n cos(θ)− a sin2(θ), (2.7)
D(r) = r2 + n2 + a2. (2.8)
The separated equation for S(θ) is given by
[
1
sin(θ)
∂θ(sin(θ)∂θ) + f(θ)]S(θ) = −λS(θ), (2.9)
where
f(θ) =
−4n2ω2 −m2 − 4mnω cos(θ)
sin2(θ)
+ a2ω2 cos2(θ) + 2naω2 cos(θ) (2.10)
and λ is the separation constant. We notice from equation (2.9) that it is possible to find
a range of parameters such that the terms of order ω and ω2 can be neglected. In fact,
considering low frequency scalar field and in the near region of geometry
ωM, ωn ≪ 1, (2.11)
r ≪ 1
ω
, (2.12)
the angular equation (2.9) significantly simplifies and we get
[
1
sin(θ)
∂θ(sin(θ)∂θ)− m
2
sin2θ
]S(θ) = −l(l + 1)S(θ). (2.13)
Equation (2.13) is just the standard Laplacian on sphere where we choose the separation
constant λ = l(l + 1) [27]. In these limits, the radial part of KG equation becomes
[∂r(∆∂r) +
−4Mmarω+m2a2−4n2maω
∆(r)
+ (∆ + 4(Mr + n2)− a+ 4n)ω2]R(r) = l(l + 1)R(r),
(2.14)
that can be rewritten as
[∂r(∆∂r) +
−4Maωr++m2a2−4n2maω
(r−r+)(r−r−)
− −4Maωr−+m2a2−4n2maω
(r−r+)(r−r−)
]R(r) = l(l + 1)R(r) (2.15)
3 Hidden Conformal Symmetry of the Near Region
Scalar Field
In this section, we search for the hidden conformal symmetry of the scalar field in near
region.
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We define the conformal coordinates ω+, ω− and y in terms of coordinates t, r and φ,
given by
ω+ =
√
r − r+
r − r− exp(2piTRφ+ 2nRt), (3.1)
ω− =
√
r − r+
r − r− exp(2piTLφ+ 2nLt), (3.2)
y =
√
r+ − r−
r − r− exp(pi(TR + TL)φ+ (nR + nL)t), (3.3)
where
TR =
r+ − r−
4pia
, TL =
r+ + r−
4pia
+
n2
2piaM
, (3.4)
and nR = 0, nL = − 14M . We also define the left and right moving vector fields
H1 = i∂+, H0 = i(ω
+∂+ +
1
2
y∂y), H−1 = i((ω
+)2∂+ + ω
+y∂y − y2∂−), (3.5)
and
H1 = i∂−, H0 = i(ω
−∂− +
1
2
y∂y), H−1 = i((ω
−)2∂− + ω
−y∂y − y2∂+), (3.6)
respectively. The vector fields (3.5) satisfy the SL(2, R) algebra
[H0, H±1] = ∓iH±1, [H−1, H1] = −2iH0, (3.7)
and similarly for H1, H0 and H−1. In terms of coordinates t, r and φ, the vector fields (3.5)
are
H1 = i exp(−2piTRφ)(∆ 12∂r + 1
2piTR
r −M
∆
1
2
∂φ +
aM
2piTR
(M + n
2
M
)r − a2
∆
1
2
∂t), (3.8)
H0 =
i
2piTR
∂φ − 2i M
2
aTR
∂t, (3.9)
H−1 = i exp(+2piTRφ)(−∆ 12∂r + 1
2piTR
r −M
∆
1
2
∂φ +
aM
2piTR
(M + n
2
M
)r − a2
∆
1
2
∂t). (3.10)
Similarly, the vector fields (3.6) in terms of coordinates t, r and φ, are given by
H1 = i exp(−2piTLφ− 2nLt)(∆ 12∂r − a
∆
1
2
∂φ − 2Mr + n
2
∆
1
2
∂t), (3.11)
H0 = −2iM∂t, (3.12)
H−1 = i exp(2piTL2nLt)(−∆ 12∂r − a
∆
1
2
∂φ − 2Mr + n
2
∆
1
2
∂t). (3.13)
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The quadratic Casimir operator, in terms of coordinates ω+, ω− and y, is given by
H2 = −H20 +
1
2
(H1H−1 +H−1H1) =
1
4
(y2∂2y − y∂y) + y2∂+∂−. (3.14)
In terms of coordinates t, r, θ, φ, the Casimir operator (3.14) (as well as the other Casimir
operator H˜2, constructed from (3.11), (3.12) and (3.13)) reduces to the radial equation (2.15),
H2R(r) = H˜2R(r) = l(l + 1)R(r) (3.15)
We should note (similar to [27]) the vector fields (3.8)-(3.13) generate only a local SL(2, R)L×
SL(2, R)R hidden conformal symmetry for the solution space of near region KG equation in
Kerr-Bolt geometry. These vectors are not globally defined since they are not periodic under
φ ∼ φ + 2pi identification. The existence of local SL(2, R)L × SL(2, R)R hidden conformal
symmetry suggests that we assume the dynamics of the near region can be described by a
dual CFT. To verify this assumption, we try to find the microscopic entropy of the dual
CFT. We use the Cardy formula for the entropy of a CFT
SCFT =
pi2
3
(cLTL + cRTR). (3.16)
The central charges of dual CFT were obtained in [14], based on analysis of the asymptotic
symmetry group and given by
cR = cL = 12Ma. (3.17)
From the central charges (3.17) and temperatures (3.4), we get
SCFT = 2piM(r+ +
n2
M
) (3.18)
which is in complete agreement with the Bekenstein-Hawking entropy of Kerr-Bolt space-
times given by pi(r2+ + a
2 + n2) [30], upon substitution r+ = M +
√
M2 + n2 − a2.
4 Absorption Cross Section of Near Region Scalars
In this section, we show the absorption cross section of scalars in the near region of Kerr-Bolt
spacetime can be given by dual CFT. We rewrite the radial part of KG equation (2.14) in
terms of a new coordinate Z, given by
Z = r−r−
r−r+
. (4.1)
In terms of coordinate Z, the equation (2.14) becomes
(1− z)z∂zR(z) + (1− z)∂zR(z) + [ (2M(r++
n
2
M
)ω−ma)2
z(r+−r−)2
− (2M(r−+n
2
M
)ω−ma)2
z(r+−r−)2
− l(l+1)
1−z
]R(z) = 0.
(4.2)
The solutions to (4.2) at the outer boundary behave as
R ≃ C1rl + C2r−(l+1) (4.3)
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where
C1 =
Γ(1−2i
2M(r++
n
2
M
)ω−ma
r+−r−
)Γ(1+2l)
Γ(1+l−2iMω)Γ(1+l−
2iM(r++r−+
2n2
M
)ω−2ma
r+−r−
)
. (4.4)
The absorption cross section is
Pabs ∼ 1|C1|2 ∼ sinh(
4piM(r++
n
2
M
)ω−2pima
r+−r−
)|Γ(1 + l − 2iMω)|2|Γ(1 + l − 2iMω(r++r−+ 2n
2
M
)−2ma
r+−r−
)|2.
(4.5)
To see explicitly that Pabs matches to the microscopic cross section of dual CFT, we need to
identify the related parameters. From the first law of thermodynamics
THδS = δM − ΩδJ, (4.6)
one can compute the conjugate charges as
δSBH = δSCFT =
δEL
TL
+ δER
TR
, (4.7)
so we can get
δEL =
δM
a
M(r+ + r− +
2n2
2M
), δER =
δM
a
M(r+ + r− +
2n2
M
)− δJ. (4.8)
Then the left and right moving frequencies are defined
ωL =
ω
a
M(r+ + r− +
2n2
M
), ωL =
ω
a
M(r+ + r− +
2n2
M
)−m, (4.9)
where
ω = δM, m = δJ. (4.10)
Using conformal weights (hL, hR) = (l+1, l+1) and substituting eq (4.9) into (4.5), one can
find
Pabs ∼ T 2hL−1L T 2hR−1R sinh(ωLTL +
ωR
TR
) | Γ(hL + i ωL2piTL ) |2| Γ(hR + i
ωR
2piTR
) |2, (4.11)
which is the finite temperature absorption cross section for a 2D CFT.
5 Concluding Remarks
We have shown in this paper that four-dimensional rotating spacetimes with NUT twist have
hidden conformal symmetry in solution space of massless scalar field. Specifically, we consider
the wave equation of a massless scalar field in the background of Kerr-Bolt spacetimes and
find in the “near region”, the wave equation can be written in terms of SL(2, R)L×SL(2, R)R
Casimir operators. The macroscopic entropy and the absorption cross section of near region
scalar field match precisely to those of microscopic dual CFT. All our results in this paper
provide further evidence for the hidden conformal symmetry of Kerr-Bolt spacetimes. There
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is however the issue of removing the singularities of Kerr-Bolt spacetimes. As it is known,
these singularities should be removed from Kerr-Bolt spacetimes in a consistent manner [31].
An interesting question is how the removal of singularities can be realized in CFT side. An-
other interesting question is to study the wave equation of scalar field in the background of
Kerr-Bolt-(A)dS spacetimes to find the hidden conformal symmetry. We leave these ques-
tions for future articles.
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